AIM: To investigate the relationship between gallbladder stone disease (GSD) and single nucleotide polymorphisms of cholesterol 7α-hydroxylase (CYP7A) gene promoter, apolipoprotein (APO) B gene exon 26, APOE gene exon 4 or microsatellite polymorphism of low density lipoprotein receptor (LDLR) gene exon 18.
INTRODUCTION
Gallbladder stone disease (GSD) is prevalent in China with a gradually increasing incidence. Studies on the pathogenesis of GSD have demonstrated that supersaturation of biliary cholesterol caused by excessive biliary cholesterol and/or decreased bile acid is the requisite for the formation of gallstones [1] . Both the cholesterol secreted into bile and the bile acids converted from cholesterol in the liver are involved in regulating cholesterol homeostasis. It was shown in studies [2] [3] [4] that genetic variations might affect gallstone formation. In 1995, Khajuana et al. reported a murine lithogenic gene, Lith 1, as a possible regulator of hepatic cholesterol synthesis [4] . The primary Lith phenotype was considered to induce secondary events characterized by multiple enzyme alterations which increase available cholesterol and supply the sterol to hepatocytes for hypersecretion into bile [5] . Additional quantitative traits linkage analysis [6] maps other Lith genes on murine chromosomes 6, 7, 8, 10, 19 and X to confirm the polygenic mode of inheritance. A few studies [7] [8] [9] [10] have focused on the relationship between human GSD and certain genetic factors contributing to cholesterol metabolism.
Cholesterol 7α-hydroxylase (CYP7A, EC 1.14.13.17), a cytochrome P-450 enzyme, is the rate limiting enzyme of hepatic bile acid synthesis, with its activity regulated by bile acids, cholesterol and hormones [11] . Although the amino acid sequence of CYP7A between species is highly homologous (80-90% sequence identity), species respond differently to diet cholesterol [12] . As compared with control subjects, the activity of CYP7A varied in patients with gallstones [13] [14] [15] , and diminished or elevated patterns were observed. The heterogeneity of activities of CYP7A in patients with GSD may be related to CYP7A polymorphisms. A linkage of A-204C single nucleotide polymorphism of the CYP7A gene promoter with plasma low density lipoprotein (LDL) cholesterol was found in recent studies of nuclear families [16] and within the general population [17] . However, the polymorphism for patients with GSD has never been studied. Apolipoprotein (APO) E [18] is an extremely efficient ligand for the LDLR and is the determinant for receptor-mediated catabolism of all APOE containing lipoproteins. The polymorphism of APOE is controlled by three alleles in exon 4, namely ε2, ε3 and ε4. The physiological importance of APOE exhibits in disorders of lipoprotein metabolism such as atherosclerosis [19] as well as in Alzheimer's disease which is not obviously related to lipoprotein metabolism [20] . The role of APOE has also been examined in relation to GSD [7, 9] . The APOE4 allele is associated with high cholesterol content in gallstones [7, 9] , faster crystallization [7] and frequent stone recurrence after lithotripsy [21] .
The LDLR on the surface of hepatocytes plays an important role in cholesterol homeostasis in humans [22] . The receptor can recognize APOB or APOE containing lipoproteins such as LDL and high-density lipoprotein (HDL) with different affinities mediating the absorption of plasma lipoproteins. There are many polymorphic sites on this gene and some of those are related to plasma cholesterol metabolism [23] .
In the present study, we analyzed the polymorphism of A-204C of CYP7A gene promoter, APOE exon 4 and microsatellite polymorphism of LDLR gene exon 18. Their relationships with asymptomatic GSD on the Chinese Han population were examined. The association of Xba I polymorphism on APOB gene exon 26 with GSD, shown in our previous study [10] , was also evaluated using multiple regression analysis.
MATERIALS AND METHODS Patients
A total of 379 subjects were recruited for this study from February to May 1998. Patients in this study consisted of 78 males and 27 females with stones and/or cholesterol crystals in their gallbladder. None of the patients had previous onset of cholecystitis defined as colic, fever with chills or jaundice. Two hundred and seventy-four healthy subjects (184 males and 90 females) with normal liver, kidney and endocrine function were included as controls. The mean ages of patients and controls were 47.53 and 47.94 years, respectively. After a 12-h fast, the participants received B-mode ultrasonography with Aloka 500/SSD equipped with a transducer of 3.5 mHz. A total of 10 mL venous blood was extracted and half of it was immediately mixed with ACD anti-coagulants containing citric acid, sodium citric acid and glucose for DNA extraction. The other half of this sample was prepared for biochemical analysis. Body mass index (BMI) was calculated by weight/ height 2 (kg/m 2 ). All subjects gave informed consent to participate in this study which was approved by the Ethical Committee of Ruijin Hospital, Shanghai Second Medical University.
Analysis of plasma lipids and lipoproteins
Plasma total cholesterol, triglyceride, HDL cholesterol, LDL cholesterol, APO AI and APO B were assayed by commercially available kits (Boehringer Mannheim GmBH, Mannheim, Germany) on an automatic analyzer (HITACHI 7060, Hitachi Koki Co. Ltd., Hitachinaka City, Japan).
Genotyping
Genomic DNA was extracted from leukocytes using a method provided by GIBCO-BRL DNA extraction kit (Cat: #28350-015, GIBCO-BRL, Gaithersburg, MD, USA). The fragments containing target polymorphic sequences of CYP7A, APOB, APOE and LDLR genes were amplified using polymerase chain reaction (PCR) on PTC-200 Peltier Thermal Cycler (MJ Research Inc, MA, USA). Primers and the conditions of PCR are listed in Table 1 . For the single nucleotide polymorphisms of CYP7A, APOB and APOE, the products of PCR were each digested by restriction enzymes (New England Biolabs Inc., Beverly, MA, USA). The enzymes are indicated in Table 1 . The digested PCR products were electrophoresed in agarose gel; then stained with ethidium bromide and visualized under ultraviolet light. A 968bp fragment containing A-204C polymorphism of CYP7A gene was digested with restrictive enzyme Bsa I (New England Biolabs Inc., Beverly, MA, USA) and electrophoresed on 10 g/L agarose gel and stained with ethidium bromide. The band with a cutting site was designated as C allele and that without as A allele. A 244-bp fragment containing APOE exon 4 gene was digested with Hha I followed by electrophoresis on 100 g/L polyacrylamide gel and then stained with silver. The genotypes were determined from the pattern of restrictive fragments on the gel as described in detail by Hixson and Vernier [24] . The bands representing the genotype of microsatellite polymorphism of LDLR gene exon 18 were obtained from direct electrophoresis on 100 g/L PAGE (100 v, 2.5 h) and stained with silver. The genotype of LDLR gene was determined for the bands with 106-bp as A allele (7 repeats of TA), 108-bp as B allele (8 repeats of TA) or 112-bp as C allele (10 repeats of TA) [25] . Genotyping of APOB gene was performed as previously described by Han et al. [10] .
Statistics
The results were expressed as means±SD. The differences in concentrations of lipids between patients and controls and those among genotypes were calculated using Student's t test. Statistical analysis was performed using the statistical software package SAS 6.12 for Windows (SAS Institute Inc., Cary, NC, USA). SAS GLM procedure was used to compare the concentrations of lipids between patients and controls after adjustment for sex, age and BMI. Frequencies of alleles between patients and controls were evaluated for statistical significance using Chisquare test. A multivariate model was used to predict the relative odds of GSD with all the variables by multiple logistic regressions. Logistic regression coefficients and standard errors were calculated to determine the estimates of odds ratio (OR) and 95% confidence intervals (CI) for significant factors.
RESULTS

Demographic and biochemical characteristics
Gallbladder stones and/or cholesterol crystals were detected in 105 cases by B-mode ultrasonography. The demographic characteristics and biochemistry are shown in Table 2 . BMI was significantly higher in the patients than in the controls (24.47±3.09 vs 23.50±2.16, P<0.01). Concentrations of plasma total cholesterol and APO AI were significantly lower in patients than in controls. Although the concentrations of HDL cholesterol and LDL cholesterol were slightly lower in patients than in controls, the differences were not significant. Plasma lipid levels varied with sex, age and BMI. We compared the plasma lipids between patients and controls using the analysis of covariance. After [16, 17] 5'TGGTAGGTAAATTATTAATAGATGT 3' 5'AAATTAAATGGATGAATCAAAGAGC3' 61 Bsa I apo B [10] 5 ' GGA GAC TAT TCA GAA GCT AA 3'  5' GAA GAG CCT GAA GAC TGA CT 3'  60 Xba I apo E [24] 5'ACAGAATTCGCCCCGGCCTGGTACAC 3' 5'TAAGCTTGGCACGGCTGTCCAAGGA 3' 60 Hha I LDL receptor [25] 5'CACTTTGTATATTGGTTGAAACTGT 3' 5'CACTGAACAAATACAGCAACCAGGG 3' 62 adjustment for sex, age and BMI, the plasma total cholesterol and LDL cholesterol as well as APO B were found significantly lower in patients than in controls as shown in Table 2 . Figure 1 indicates the genotypes of CYP7A, APOB, APOE and LDLR gene polymorphisms. The distributions of genotypes for patients and controls are listed in Table 4 ). There were no significant differences between patients and controls in the polymorphisms of APOE gene and LDLR gene. Table 5 indicates that plasma total cholesterol, LDL cholesterol and APOB were lower in subjects with A allele (AA homozygote or AC heterozygote) than in those without A allele (CC homozygote). The difference was significant only within the control group or within the group combining patients and controls, but not in the patients only group. Within each genotype, the difference of lipid concentration was incongruent between patients and controls. In subjects with A allele, the LDL cholesterol was significantly higher in patients than in controls, while in subjects without A allele, patients had significantly lower concentrations of HDL cholesterol and APOAI. 
Distribution of genotypes and association of polymorphisms with GSD
Association between gene polymorphism and plasma lipid concentrations
Logistic regression analysis
A multiple variable logistic regression analysis was performed to compare the effects of both genetic factors and other quantitative variables. In Table 6 , only CYP7A (OR=1.48, P<0.05) and APOB (OR=2.28, P<0.05) gene polymorphism, plasma cholesterol (OR=0.69, P<0.01) and BMI (OR=1.13, P<0.05) were correlated with GSD (Table 6 ). 
DISCUSSION
Epidemiological studies have stressed the relationship between plasma lipid concentration and GSD. The present study indicated that patients with GSD had lower plasma cholesterol, even after adjustment for sex, age and BMI. Our results were consistent with those of Juvonen [7] , Scragg [26] and Attili [27] , although there were unchanged results [28] or only lowered plasma cholesterol levels in women [29] reported by other authors. The plasma lipid concentrations varied in populations due to diet habits, genetic factors, ethnicity, etc. This explains why previous studies remain controversial. Whether changes in plasma lipid concentration are major factors inducing GSD or represent the end stage of gallstone formation is still questionable. The mechanism for the change in plasma lipid concentrations that increases the risk for GSD is also unclear. However, epidemiological studies indicate that genetic predisposition has been confirmed to have a close relation with GSD. Our present study on the Chinese Han population verified that GSD was genetically controlled by polygenetic factors. A-204C polymorphism at CYP7A gene promoter and Xba I polymorphism at APOB gene may be susceptible genes linked to GSD. Our previous study on the APOB gene Xba I polymorphism revealed that X+ allele was associated with a higher incidence of GSD [10] . The relationship between GSD and the other three polymorphic sites, A-204C polymorphism of CYP7A, Hha I polymorphism of APOE and a dinucleotide repeat microsatellite polymorphism of LDLR, was also studied by our group. Only did CYP7A gene polymorphism seem to be related to GSD. We found a significantly higher frequency of A allele in patients than in controls (0.62 vs 0.54, P<0.05). The A-204C polymorphism located 204 bp upstream of the transcription start site of CYP7A [17] . This single nucleotide polymorphism [16] , at which site C replaced A, created a cutting site for the Bsa I restrictive enzyme. The frequency of A allele of CYP7A gene was 0.58 [16] in the Caucasian population and 0.60 in Framingham families [17] which was slightly higher than that in the Chinese Han population. Analysis of plasma lipid levels revealed that plasma LDL cholesterol concentrations were associated with A-204C polymorphism, similar to the results of Wang et al. and Couture [16, 17] . Individuals with A allele tended to have lower LDL cholesterol concentrations. This difference was significant in controls, but not in patients in this study. No studies have assayed the activity of hepatic CYP7A among different genotypes up to this time. The mechanism and rationale for A allele to induce low LDL cholesterol are still unknown.
Contrary to our expectation, there was no association between APOE gene and GSD or between LDLR gene and GSD. Since APOE isoforms had different affinities to receptors [22] affecting lipid metabolism, there was a demonstrated relationship between APOE gene polymorphism and various plasma lipids. Its polymorphism was well documented in atherosclerosis [19] and Alzheimer's disease [20] as well as cholesterol gallstone disease [7, 9] . Juvonen [7] studied for the first time the relationship between APOE polymorphism and gallstones. Patients with ε4 allele had higher cholesterol content in stones, rapid cholesterol crystallization and shorter median nucleation time in the Finnish population [7] while Bertomeu [9] found significantly higher ε4 allele frequency in Spanish patients with gallstones. But other studies [9, 30, 31] had contradictory results. There were reports that median nucleation time [9] was similar in patients between the genotypes and that the cholesterol saturation index [30] was lower in patients with ε4 allele. Our study concluded that there was no significant difference in the frequency of ε4 allele between patients and controls. A similar result on Chinese patients with GSD was reported previously in a study from Sichuan, China [32] .
LDLR was important for the absorption of APOB and APOE containing lipoproteins [22] . Herein, we studied a dinucleotide repeat polymorphism. The frequency of these alleles did not differ between the patient and control groups. But we could not exclude the possibility of existence of other polymorphic sites to account for the differences in hepatic LDLR activities that, in turn, would lead to high absorption of plasma cholesterol for biliary secretion.
We analyzed all our variables using a logistic regression model to evaluate the role of genetic factors and quantitative variables. Higher cholesterol concentration in serum may provide a protective factor for GSD since it is negatively related with GSD (OR<1). The cause of gallstone formation might be due to hepatic overabsorption of cholesterol via receptors such as SRB1 [33] or LDLR [22] leading to hypersaturation of biliary cholesterol. Besides BMI and cholesterol, GSD may be controlled by multiple genetic factors such as the APOB gene or CYP7A gene. The OR of the APOB gene polymorphism Table 5 Association of CYP7A gene polymorphism with plasma lipids was 2.28, and CYP7A was 1.48 with P<0.05. This implies that subjects with A allele of CYP7A gene or X+ allele of APOB gene can easily form gallstones.
The present study determined the relationship between CYP7A or APOB gene polymorphism and GSD. However, the relationship should be investigated further in family pedigrees with GSD. Since gene polymorphisms are heterogeneous among ethnic groups, GSD may be caused by different risk genes among different population. The main cause for GSD is hypersaturation of biliary cholesterol. So all genes (known or yet to be determined) involved in hepatic cholesterol metabolism remain the focus for future studies to discover the primary risk genes for GSD. Once a human genomic map for GSD, similar to murine [34] , is completed, it can be useful for early predictive and preventive measures for subjects susceptible to GSD. The genomic map will provide the necessary link in the discovery of effective pharmaceutical agents for treatment.
